Introduction

Creighton
(1896) said that glycogen is of considerable significance in tooth development, ever since a great amount of histochemical research on the distribution of the PAS-positive polysaccharide in the tooth germ has been reported (Horrowitz, 1942 ; Grauman, 1952 ; Dalcq and Mulnard, 1953 ; Sakuma and Oh'ya 1957 ; Dalcq, 1960 ; Pourtois, 1961 ; Ten Cate, 1962 ; Mattiessen, 1963) . However, there has been controversy as to its localization in the tooth germ.
On the other hand, the relation with the morphogenesis and the metabolism in the early tooth development is poorly understood, little is known about whether the developmental metabolism is almost the same in the upper and the lower tooth germs and whether the discrepancy in metabolism is recognized by the difference in the position of the individual tooth germ on the buccal side or on the lingual side and at the medial, median or distal parts. The purpose of the present paper is to determine the threedimensional distribution of the PAS-positive substances and the PAS positive areas in the upper and lower individual tooth germ.
Materials and Methods
On the 13th, 14th, 15th, 16th, 17th and 18th day of pregnancy, twelve female pregnant mice of DDD strain were killed, respectively, taking out 67 embryos in total. The transverse and frontal serial sections were 5/2 in thickness.
The upper and lower first molar tooth germs were observed chiefly, and the three-dimensional reconstruction of the individual tooth germ was made and the distribution of the PAS-positive substances and the PAS-positive areas were ascertained in all directions. Mouse embryos were fixed with Camay, embedded in paraffin and stained with PAS staining.
The PAS reaction was done according to the technique of MacManus' method (1948) . In some specimens the post-chroming stain of the nucleus was done with hematoxylin.
Results
(1) Before the dental lamina are formed.
The PAS-positive areas in the upper oral epithelium were present in the lip furrow band and in the parts where the dental lamina will be formed and on the buccal side of it. In the mesenchym contiguous to the above the PAS-positive regions were localized.
The PAS-positive areas in the lower oral epithelium were recognized in the lip furrow band and in the regions where the dental lamina will be formed, and they were extensive from the future dental lamina to the root of the tongue. They reacted more intensely in the lower than in the upper PAS-positive areas.
In the mesenchyme adjacent to them, the PAS-positive parts were localized.
(2) Bud stage.
In the tooth germ of the upper molar and in the tissues surrounding it.
The PAS-positive parts of the oral epithelium were almost the same as in the previous stage.
In the medial parts of the dental epithelium the PAS-positive areas were present in the central parts and on the lingual sides of the neck and in the future outer enamel epithelium on the buccal side. In the median parts of the dental epithelium, they were recognized in the central parts and on the buccal side of the neck and in the future outer enamel epithelium on the lingual side.
In the distal parts of the dental epithelium, they were present in only the neck.
In the medial and median parts of the tooth germ, the basement membrane was PAS-positive, but the PAS-positive parts were not recognized in the distal parts. In the lateral surrounding tissues adjacent to the dental epithelium the extent of the PAS reactions was more intense on the buccal side of the dental epithelium than on the lingual side. In the future dental papilla of the madial and median parts the PAS-positive substances were recognized slightly, but they were not present in that of the distal parts.
In the future dental sac beneath the tooth germ and in the surrounding area, the PAS-positive substances were present.
In the tooth germ, of the lower molar and in the tissue surrounding it.
The extent of the PAS-positive areas in the oral epithelium was almost the same as in the previous stage but different from the upper tooth germ. The distribution of the PAS-positive areas in the dental epithelium was different in the upper dental epithelium, and the difference in their distribution was not recognized among the medial, median and distal parts of the individual tooth germ.
That is to say, the PAS-positive areas were recognized in the central parts and on the lingual side of the neck, and in the future outer enamel epithelium on the lingual side. The basement membrane was PASpositive in the medial and median parts of the tooth germ but not in the distal parts.
In the lateral surrounding tissues adjacent to the dental epithelium the degree of the PAS reaction was more remarkable on the buccal side than on the lingual side as well as in the surrounding tissues of the upper molar. In the mesenchyme contiguous to the tooth bud the distribution of the PAS-positive substances were almost the same in the upper tooth bud. In the future dental sac beneath the tooth germ and in its vicinity the amount of the PAS-positive substances was less than in the upper tooth germ.
(3) Cap stage.
In the tooth germ of the upper molar and in the tissue surrounding it.
The PAS-positive areas in the oral epithelium were present in the dental lamina and on the buccal side of it but not in the lip furrow band.
In the medial and median parts of the enamel organ, the PASpositive substances were recognized in the neck and in the undifferentiated stellate reticvlum, and further more they were recognized in the enamel knot, but not in the differentiated stellate reticulum . In the medial and median parts the outer enamel epithelium on the buccal sides was abundant in PAS-positive substances.
The PASpositive substances were present in the boundaries between the outer and inner enamel epithelia on the buccal side, in the inner enamel epithelium on the buccal side of the enamel knot. In the distal parts of the enamel organ the PAS-positive substances were present in the neck. The extent of the PAS-positive areas in the enamel organ was smaller in the distal parts than in the medial and median parts . In the lateral surrounding tissues of the tooth germ , the PAS-positive areas were localized on either side adjacent to the enamel organ . The extent of the PAS-positive areas was larger than in the previous stage and the PAS-positive substances in the lateral surrounding tissues were more dense on the buccal than on the lingual side regardless of the site of the tissues in the tooth germ.
In the medial and median parts of the dental papilla, the PASpositive substances were recognized more than in the bud stage but not in the distal parts. The PAS-positive substances in the dental sac beneath the dental papilla and in the surrounding parts were found abundantly in all parts of the upper tooth germ.
In the tooth germ of the lower molar and in the tissue surrounding it.
The oral epithelium was positive with PAS reaction, and the lip furrow band showed an intense reaction.
In the medial and median parts of the enamel organ, the PASpositive substances were present in the neck, in the undifferentiated stellate reticulum, in the enamel knot, and further in the inner enamel epithelium of the buccal side. The PAS reaction was negative in the differentiated stellate reticulum.
In the distal parts of the enamel organ the PAS reaction was recognized only in the neck. The PAS-positive substances were recognized in the medial and median parts of the dental papilla but not in the distal parts of the dental papilla.
In the lateral surrounding tissues of the tooth germ, the PASpositive substances were more dense on the buccal than on the lingual side through the medio-distal position.
In the dental sac beneath the dental papilla and in its vicinity, the PAS-positive substances were present independently in the site of the tooth germ, and the extent of the reaction was more conspicuous than in the dental papilla.
The amount of the substances in the dental sac beneath the dental papilla and in its vicinity was inferior to it in the upper tooth germ.
(4) Bell stage.
In the tooth germ of the upper molar and in the tissues surrounding to it.
PAS-positive areas of the oral epithelium were recognized in the dental lamina and on the buccal side of it.
In the medial and distal parts of the enamel organ, PAS-positive areas were recognized on the buccal side of the neck and in the outer enamel epithelium of both sides.
In the medial and median parts of the enamel organ the PASpositive substances were situated not only in the undifferentiated stellate reticulum but also in the substances of the differentiated stellate reticulum. The PAS reaction was positive in the inner enamel epithelium, the stratum intermedium and the boundaries between the inner and outer enamel epithelium on the buccal and lingual sides.
In the inner enamel epithelium on the buccal side where the cusp will form in the future and in the dental papilla contiguous to it, an intense PAS reaction was characteristic.
The PAS reaction was positive in the basement membrane on the buccal and lungual sides.
In the distal parts of the enamel organ, the PAS-positive areas were almost the same in the medial and median parts, but the outer enamel epithelium showed a more intense reaction on the lingual side than on the buccal side, but on the whole the PAS reaction in the distal parts of the enamel organ was weaker than in the medial and median parts.
In the dental papilla the PAS-positive substances were recognized markedly, especially in the medial and median parts.
In the dental sac beneath the dental papilla and in its surrounding area the PASpositive substances were recognized in all parts and were present more than in the previous stage.
In the lateral tissues adjacent to the enamel organ, the areas where the PAS-positive substances were localized, were not recognized unlike in the cap stage, and the PAS-positive substances were situated in the vicinity of the outer enamel epithelium and dental sac.
In the tooth germ of the lower molar and in the tissues surrouding it.
PAS-positive reaction was seen in the entire oral epithelium and in the lip furrow band.
In the enamel organ, compared to the upper molar, the dental lamina showed an intense PAS reaction.
In the enamel organ from the medial to the median parts, PAS-positive substances were recognized in the central parts of the neck and on the buccal side of it, and in the undifferentiated or differentiated stellate reticulum. In the outer enamel epithelium of the buccal or lingual side, in the stratum intermedium, and in the inner enamel epithelium the PAS reaction was positive.
In the inner enamel epithelium of the buccal side of the median parts, especially in the parts where the cusp will be formed, and in the dental papilla adjacent to it, the reaction was intense.
In the distal part of the enamel organ, the PAS reaction in the outer and inner enamel epithelium was more intense on the lingual side than on the buccal side. The PAS positive substances were present in the central part of the neck and on the buccal side of it.
PAS-positive substances in the dental papilla were recognized in every part, and they were present more than in the previous stage but less than in the dental papilla of the upper molar. In the dental sac beneath the dental papilla and in its surrounding area, PAS-positive substances were more marked than in the cap stage, but they were less than in the upper molar.
In the lateral tissues, adjacent to the tooth germ, as well as in the upper molar, the areas where the PAS-positive substances were dense, were not recognized.
Discussion
(1) In the stage before the dental lamina is formed and in the bud stage, the oral epithelium was positive with PAS reaction in the upper lip furrow band, the upper dental lamina, and the buccal side of the above, but in the lower lip furrow band, the lower dental lamina, and the lingual side of the above the reaction was positive over an area extending to the tongue root, and the degree of the reaction was more intense in the lower than in the upper oral epithelium.
In the cap stage, the upper lip furrow band becomes obscure, but the lower lip furrow band caved remarkably in the mesoderm and showed an intense reaction with PAS reaction.
In the bell stage, the upper oral epithelium was positive with PAS reaction in the upper dental lamina, and the buccal side of the above, but the PAS-positive areas in the lower oral epithelium were more extensive than in the upper, and the lower lip furrow band reacted intensely as in the previous stage.
PAS-positive substances in the periphery of the dental sac beneath the dental papilla (including the future dental papilia) were more abundant in the upper dental papilla than in the lower dental papilla, with advances in stage, making the divergency among the upper and the lower dental papilla all the more remarkable.
It can be seen from the above that the correlation between the growth of the tooth germ and the oral epithelium was more intimate in the lower oral epithelium than in the upper oral epithelium.
(2) In the bud and cap stages, the areas where the PAS-positive substances were localized, were recognized in the lateral surrounding tissues adjacent to the enamel organ on the buccal and lingual sides, and the degree of density of the PAS positive substances was recognized in the lateral surrounding tissues adjacent to the enamel organ on the buccal and lingual sides, and the degree of density of the PAS-positive substances was higher on the buccal side than on the lingual side. These localized areas vanished in the bell stage with the advance in histological differentiation.
It is said that the mesenchymes where the vessels were dense were abundant in glycogen (Dalcq and Mulnard, 1953) , and the density of the vessels has a bearing on the morphogensis of the early tooth germ (Gaunt, 1959 ; Dalcq, 1960) .
The relation between the distribution of the vessels and the areas where the PAS-positive substances were localized in the lateral surrounding tissues contiguous to the enamel organ requires further study. However, it seems likely that there is a relation between the PAS-positive areas and the morphogenesis of the early tooth germ.
(3) Miles and Caunt (1961) stated that glycogen in the enamel organ was more abundant on the buccal side than on the lingual side, and this fact may be related with the calcification of the cusp.
On the basis of our observation, it is evident that the discrepancy in the distribution of the PAS-positive areas in the enamel organ was recognized by difference in the medio-distal position in the individual tooth germ, and in the stage, and by the difference between the upper and the lower tooth germs.
In the bud stage the PAS-positive areas in the enamel organ of the upper first molar were more extensive and marked on the buccal side than on the lingual side in the median parts, but in the enamel organ of the lower first molar the difference between the buccal and lingual sides was not recognizable, in spite of the difference in the medio-distal position.
In the cap stage the difference in the medio-distal position was observed.
In the cap stage the difference in the distribution was recognized in the enamel organ of the upper and lower first molars, and the degree of the reaction was more intense on the buccal side than on the lingual side. In the next bell stage, however, the disparity of the distribution in the individual enamel organ was hardly recognized in the medial and median areas of the upper and the lower first molars, but in the distal parts the PAS-positive areas were recognized markedly on the lingual side in the upper and lower enamel organ.
These results apparently indicate the discrepancy in the metabolism of the PAS-positive substances in the enamel organ by the difference in the medio-distal position in the individual enamel organ , except the lower enamel organ in the bud stage, between the upper and lower enamel organs, and between the stages.
(4) Someone stated that PAS-positive substances were recognized in the stellate reticulum (Engel, 1948 ; Bevelander and Johnson , 1955) while others stated that they were not present (Wislocki, Singer , and Waldo, 1948 ; Mattiessen, 1963) .
In the bud stage PAS-positive substances were recognized in certain parts of the future stellate reticulum, and in the cap stage they were present in the undifferentiated stellate reticulum but not in the differentiated stellate reticulum.
In the bell stage they were recognized in the substances of the differentiated stellate reticulum and in the undifferentiated stellate reticulum. From the point of chronological views, it is thought that all the descriptions are without error and that the observations of the different stage lead to contrary opinions.
(5) Although a considerable amount of research has been reported on the PAS-positive substances in the dental papilla (Bove-'ander and Johnson, 1955 ; Sakuma and Oh'ya 1957 ; Mattiessen, 1963) , little is known about the discrepancy in the distribution by difference between the upper and the lower tooth germs in the medio-distal position in the individual tooth germ, and between the stages.
In the future upper and lower dental papilla of the bud stage there were PAS-positive substances but only a small amount in the medial and median parts.
In the cap stage the distribution in the dental papilla was almost the same -as in the previous Attie, but PAS-positive substances were recognized more abundant in the dental papilla than in the previous stage, and the amount was larger in the medial and median parts than in the distal parts, and the difference in the distribution between the upper and the lower dental papilla, was clear, more marked in the upper than in the lower dental papilla. The more advanced the stage was, the more marked were the PAS-positive substances in the dental papilla.
It is suggested that the metabolism system of the PAS-positive substances in the tooth germ was different between the upper and the lower tooth germs.
Summary
(1) The degree and the range of the PAS reaction in the oral epithelium were different between the upper and lower oral epithelia in the stage before the dental lamina and the bud, cap and the bell stages.
(2) In the bud and cap stages the areas where the PAS-positive substances were localized were present in the lateral tissues adjacent to the enamel organ on the buccal and lingual sides, and PAS-positive substances were more abundant on the buccal than on the lingual side. These localizations vanished in the bell stage.
(3) The discrepancy in the distribution of the PAS-positive areas in the enamel organ was recognized by the difference in the mediodistal position in the individual tooth germ, except the lower enamel organ of the bud stage, and by difference between upper and lower tooth germs.
(4) In the bud stage, PAS-positive substances were recognized in certain parts of the future stellate reticulum, and in the cap stage they were present in the undifferentiated stellate reticulum. In the bell stage they were recognized in the undifferentiated stellate recticulum and in the substances of the differentiated stellate reticulum.
(5) The disparity in the distribution of the PAS-positive substances by the difference between the upper and lower tooth germs, in the medio-distal portion of the individual tooth germ, and by the difference in the stage was recognized in the dental papilla (including the future dental papilla). T. Nozue
